Söğle cheese is a type of traditional tulum (goat's skin bag) cheese produced from goat's milk or a mixture of goat's and sheep's milk in Küçük Söğle and Büyük Söğle villages, Antalya, Turkey. This is the first study that aimed to investigate the physicochemistry, microbiology, fatty acids composition and volatile profile of traditional Söğle cheeses ripened in goat's skins for three months in wells. The pH and titratable acidity values, total solids, fat, protein and salt contents of the Söğle cheese samples ranged from 4.9 to 5.5, from 1.4 to 2.6%, from 46.5 to 55.0%, from 2.0 to 4.5%, from 34.9 and 42.2% and from 4.1 to 8.2%, respectively. The highest proportion of fatty acids in all cheese samples was palmitic acid (C16:0). The lactobacillus, lactococcus, total aerobic mesophilic bacteria and yeast and mold counts in the cheese samples were found to be between 7.1 and 8.5 log cfu/g, 7.8 and 8.7 log cfu/g, 7.6 and 8.5 log cfu/g and 1.0 and 4.8 log cfu/g, respectively. Fifty-three volatile components were identified in the cheese samples including 13 esters, 7 ketones, 5 acids, 2 aldehydes, 5 alcohols, 12 terpenes, and 9 miscellaneous compounds. Ketones and terpenes were the predominant volatile compounds.
INTRODUCTION
Traditional products have specific characteristics that differentiate them from other similar products in the same category by use of traditional ingredients, traditional composition or traditional type of production and/or processing method. In recent years, there has been a growing interest in consuming traditional cheeses in many countries, including Turkey, mainly because of non-use of any additives in their production process and their beneficial effects on human health (Hayaloglu et al. 2007 , Shahbazi et al. 2017 . As one of the most popular cheese types, tulum cheese made either from sheep's milk, goat's milk, a combination of sheep's and goat's milk, or cow's milk is traditionally produced in many regions of Turkey (Sert and Akin 2008) . Tulum cheese types are salted. The crumbled and salted curd is transferred into the new plastic bags and kept under pressure by placing stones on these plastic bags at ambient temperature for two days. At the end of the second day, the curd is crumbled by hand and dry-salted for a second time. Then, the curd is filled into the tulum (goat-skin bag), excessive air in the tulum is removed by placing stones on the tulum. Söğle cheese in the tulum is ripened in wells with a depth of about 10 meters and at a temperature of about 10°C for 3 months. Söğle cheese has high dry matter and protein contents with a crumbly texture and a piquant flavor. Physicochemical and microbiological properties of tulum cheeses include Söğle cheese vary depending on type and microbial diversity of raw milk, production method, and ripening conditions such as temperature, time and cheese packaging material (Sert et al. 2014) . Moreover, physicochemical and microbiological properties of some of tulum cheese types such as Erzincan, Cimi, Divle and Kargı have been introduced in previous studies. Cheese properties vary according to geographical features of the region in which the milk animals are fed, such as geology, climate, pedology and topography, natural microbial and botanical flora, and production methods (Karoui et al. 2005) . Söğle cheese is a type of tulum cheese, however the milk used in the production of Söğle cheese is not used in the production of any other tulum cheese types. Therefore, because of the composition of milk used in production of Söğle cheese and some differences in its production method (e.g. ripening in wells located in Söğle plateau for three months and heat treatment by using wood fire), Söğle cheese has its own characteristics which make it different from other tulum cheese types. To the best of our knowledge, there is no study in the scientific literature that has focused on Söğle cheese. The aim of this study was to investigate the physicochemical and microbiological properties, fatty acid composition and volatile profile of Söğle cheese.
MATERIALS AND METHODS

MATERIALS
Five different Söğle cheeses (C1, C2, C3, C4, and C5) ripened for three months in wells located in Söğle plateau (altitude of 1400 m, Elmalı, Antalya) were collected from different local producers in Büyük Söğle and Küçük Söğle villages in October 2017. Sample photographs of collected cheeses C1 and C4 produced in Büyük Söğle and Küçük Söğle villages are given in Figure 2 . The cheeses C1, C2 and C3 were produced with a mixture of goat's (80%) and sheep's milk (20%) while the cheeses C4 and C5 were produced with goat milk (100%). All milks used in Söğle cheese production were skimmed by centrifugation. The cheeses were individually vacuum packed after purchase and stored at 4°C until analysis carried out.
CHARACTERISTICS OF TRADITIONAL SÖĞLE CHEESE 3663
Cheese samples (about 20 g) were ground with 6-8 g of kieselguhr (Fluka Chemie GmbH, Buchs, Switzerland) and mixed with 200 mL diethyl ether (Fluka Chemie GmbH, Buchs, Switzerland). The mixture was blended for 1 min and was filtered using rough filter paper (0.18 mm in thickness, 82 g/m 2 in weight). The filtered solution (diethyl ether-lipid extracts) was concentrated using a rotary evaporator (Scilogex, USA) at 40°C under vacuum to a final volume of approximately 1-3 mL for analysis. The lipid extracts were flushed with nitrogen until dry, and stored at -20°C for further analysis in glass vials. Fatty acid methyl esters (FAMEs) were prepared according to Yilmazer and Secilmis (2006) . One mL of 1.5 M methanolic HCl was added to extracted fat sample (200 µL) and kept at 80°C for two hours. Then, it was cooled to room temperature and 0.5 mL water was added, and the FAMEs were extracted using 1 mL hexane.
PHYSICOCHEMICAL ANALYSES
The cheese samples were analyzed for total solids by the gravimetric method, and for fat by the Gerber method (Turkish Standards Institute 1995) .
The pH values of the cheeses were measured using a pH-meter (6173 pH, Jenco, USA) and the titratable acidity was determined as % lactic acid according to Turkish Standards (Turkish Standards Institute 1995). The measurement of salt contents in the cheese samples was carried out by the Mohr titration method (Turkish Standards Institute 1995), and total nitrogen contents of the cheeses were determined by the Dumas method by the Dumatherm analyzer (Gerhardt GmbH & Co. KG, Königswinter, Germany). Protein content was calculated by using the factor 6.38.
FATTY ACID ANALYSIS
Fat from the cheese samples was extracted according to the method of Renner (1993) . 
CHARACTERISTICS OF TRADITIONAL SÖĞLE CHEESE 3665
After sampling the SPME, fibre was immediately thermally desorbed into the GC injection port. A desorption time of 5 min at 250°C was adopted. 
RESULTS AND DISCUSSION
The pH and titratable acidity values and the total solids (TS), fat, fat in TS, protein, protein in TS, salt and salt in TS contents of the Söğle cheeses are given in Table I . The pH and titratable acidity values of the Söğle cheese samples ranged from 4.9 to 5.5 and from 1.4 to 2.6%, respectively. The results of the pH measurements in the samples are in agreement with other researches, while the titratable acidity values in 3 of 5 samples were higher than the values reported in other studies (Tarakci and Durmus 2016, Sert et al. 2014 ). Lactic acid bacteria, which are naturally present in raw milk, can produce high concentration of lactic acid from lactose that results in an increase in the acidity of cheese (Gurses and Erdogan 2006). Dinkci et al. (2007) presented that levels of citric acid, acetic acid, propionic acid and formic acid were unexpectedly high in Kargı tulum cheese due to the heterofermentative metabolism of nonstarter microbiota that can produce some organic acids from lactose and lactic acid. In our study, TS contents of the Söğle cheese samples varied from 46.5 to 55.0%, as shown in Table I . Hayaloglu et al. (2007) have reported that the average TS contents of tulum cheeses ripened in plastic or goat's skin bags for 90 days were between 51.0 and 61.4%. The TS contents of tulum cheeses should be higher than 55% according to the regulation for tulum cheese prescribed by Turkish Food Codex (Ministry of Agriculture and Forestry 2015). The TS contents in 4 out of 5 Söğle cheese samples were lower than the limit set by the Turkish Food Codex. The mean fat and fat in TS contents of Söğle cheese samples varied from 2.0 to 4.5% and from 3.6 to 9.3%, respectively. The fat in TS contents determined in Söğle cheese samples were lower than those reported by some authors, including Hayaloglu et al. (2007), Dinkci et al. (2012) and Sengul et al. (2014) . Söğle cheese can be considered as a variety of fat-free cheese, because cheese with Salt contents affect microbial and enzymatic activities in cheese by controlling water activity, and change the biochemical, textural and sensory properties of cheese during ripening (Guinee 2004). Salt and salt in TS of Söğle cheese samples ranged from 4.1 to 8.2% and from 8.6 to 15.0%, respectively. According to the Turkish Food Codex Regulation, the amount of salt in TS should be less than 5% in tulum cheeses (Ministry of Agriculture and Forestry 2015). Salt in TS content of the Söğle cheese samples were found to be higher than the limit value prescribed by the Turkish Food Codex. This may be due to the fact that Söğle cheese is produced by a different method than other tulum cheeses.
Fatty acid (FA) compositions of lipid fraction from cheese samples are given in Table II . Free fatty acids (FFA), especially short-and mediumchain fatty acids, which are the result of lipolysis in cheese, directly contribute to the cheese flavor (Park 2001). Short and medium chain fatty acids in four Söğle cheese samples were listed as capric acid (C10:0), caprylic acid (C8:0), caproic acid (C6:0) and butyric acid (C4:0) according to their contents. These results are in agreement with the results of Sengul et al. (2014) , who reported that capric acid was the main short chain FFA present in the tulum cheese samples produced with different coagulants. Palmitic acid (C16:0), oleic acid (C18:1 n-9), myristic acid (C14:0) and stearic acid (C18:0) were the long chain fatty acids with the highest ratios in Söğle cheese samples. Palmitic acid was found to be a major fatty acid in all Söğle cheese samples. Similar results were reported by Sert et al. (2014) where the contents of palmitic acid were the highest with 28.87 and 28.80% of total FAs contents in 90-day-ripened tulum cheeses produced by using raw and pasteurized goat's milk, A total of 53 volatile compounds were detected by SPME-GC-MS analysis in all cheese samples, and were classified into the following chemical groups: esters (5.74%), acids (10.66%), ketones (43.63%), aldehydes (0.38%), alcohols (8.83%), terpenes (29.61%) and miscellaneous (1.16%) (Table III) . Ketones and terpenes were the predominant volatile compounds. Carboxylic acid contents and esters were relatively low in the studied cheeses due to their low fat contents.
Ketones, which have typical odors and low perception thresholds (Bontinis et al. 2012) , are the products of lipid degradation formed by β-oxidation and decarboxylation of fatty acids (Poveda et al. 2008) . Seven ketones were identified in Söğle cheese samples with 2-butanone being the most abundant compound in all cheese samples (Table III) ). 2-Heptanone, 2-nonanone and 3-hydroxy-2-butanone (acetoin) were also detected in most of the studied cheeses (Table III) . These ketones have been detected in different goat cheese types (Le Quéré et al. 1998 , Poveda et al. 2008 , Boltar et al. 2016 .
Terpenes are secondary plant metabolites that are ingested by herbivores and subsequently found in associated animal-origin foods including milk. Terpene content of forage varies greatly according to the plant species (Cornu et al. 2005) . Therefore, terpenes are important for determining the geographical origin of a cheese (Cornu et al. 2005 , Bontinis et al. 2012 . Twelve terpenes were identified in the cheeses with a mean percentage of 29.61±8.89. Limonene was the most abundant (from 17.11 to 31.11%) terpene compound in all cheeses. High limonene content was found in soft raw goat cheese by Sablé et al. (1997) . Limonene has been reported to be associated with citrus-like flavor in some cheeses (Nogueira et al. 2005) . Limonene were also found at low levels in 60-day-ripened Gokceada goat milk cheeses and 90-day-ripened Ibores goat milk cheeses studied by Hayaloglu et al (2013b) and Delgado et al. (2011) , respectively. β-myrcene, p-cymene, β-pinene and γ -terpinene were detected in all the cheese samples (Table III) . Similarly, β-myrcene, α-and β-pinene and caryophyllene were determined in traditional Greek goat cheese Xinotyri (Bontinis et al. 2012 ). The differences in terpene profiles of Söğle cheese samples in this research may be explained by the differences in consumed herbs by the small ruminants, differences in cheese production steps and microbial flora differences among the cheeses (Cornu et al. 2005) .
It was well known that carboxylic acids were formed by three main biochemical pathways (proteolysis, lipolysis and glycolysis) during cheese ripening (McSweeney and Sousa 2000) . Carboxylic acids were the third most abundant volatile compounds isolated from the Söğle cheeses at the end of 90-day ripening period. Five carboxylic acids were detected and acetic acid was the most abundant carboxylic acid (ranging from 4.93 to 11.20%) in all the cheese samples. Acetic acid was also detected as the most abundant carboxylic acid in different goat milk cheeses including starter-free Gokceada goat cheese (Hayaloglu et al. 2013b ) and Xinotyri cheese (Bontinis et al. 2012) . Butanoic (rancid), hexanoic (sour/dirty/sweet), octanoic (sweaty/fatty/rancid/ goat) and decanoic (waxy/rancid/cheese/dry) acids, which are formed by lipolysis and contribute to cheese flavor (Poveda et al. 2008 , Ozmen Togay et al. 2017 , were also detected in the cheese samples. These fatty acids have been identified in different goat cheeses previously (Carunchia Whetstine et al. 2003 , Chiofalo et al. 2004 , Ozmen Togay et al. 2017 .
Esters are significant cheese flavor contributors due to their high volatility at ambient temperatures (Bontinis et al. 2012) . They are formed by the esterification of short-to medium-chain fatty acids and primary and secondary alcohols (Engels et al. 1997) . Thirteen ester compounds were detected in Söğle cheese samples, and constituted 2.02-7.40% of the total volatile fraction. The most abundant esters were ethyl esters; ethyl decanoate, ethyl octanoate and ethyl hexanoate were present in all studied cheese samples. Ethyl butanoate (0.11-2.13%) was also detected in the cheese samples except cheese sample C2 (Table III) . Ethyl esters were also the predominant esters found in different goat cheeses such as Maltese (Chiofalo et al. 2004 ), semi-hard Spanish goat cheese (Poveda et al. 2008) and Gokceada artisanal goat cheese (Hayaloglu et al. 2013b) . Ethyl laurate was detected in three Söğle cheese samples. This compound is the ester of ethyl alcohol and lauric acid and has a light, fruity odor (Winter 2009). Ethyl laurate was also identified in Sicilian goat cheese by Mondello et al. (2005) . Esters detected in cheese are described as having sweet, fruity (especially ethyl esters) with floral notes at low concentrations and yeasty notes at high concentrations (Engels et al. 1997 , Curioni and Bosset 2002 , Delgado et al. 2011 . Esters can contribute to cheese flavor by minimizing the sharpness imparted by fatty acids and the bitterness from amines (Curioni and Bosset 2002) .
Aldehydes originate from amino acids either by transamination or Strecker degradation. They are transitory compounds and are not concentrate in cheese because they are rapidly transformed to alcohols or the corresponding acids (Hayaloglu et al. 2013a , b, Delgado et al. 2011 . Only two aldehydes (benzaldehyde and/or 3-methyl propanal) were detected in three Söğle cheese samples. Benzaldehyde, which is responsible for bitter almond note, has been detected in some goat cheeses (Hayaloglu et al. 2013a , b, Kondyli et al. 2016 . The branched aldehyde 3-methylpropanal was listed amongst the odor compounds of Grana Padano cheese (Moio and Addeo 1998) and Blue cheese (Heath 1981) . According to Moio and Addeo (1998) , very low levels of aldehydes in cheeses indicated a regular ripening and their higher levels are responsible for serious off-flavor.
A total of five alcohols were detected in ripened Söğle cheeses. Ethanol had the highest level among the total volatile fraction of cheese samples with 4.88-10.66%. Ethanol was also detected as most abundant alcohol compound in numerous goat milk cheeses (Sablé et al. 1997 , Mondello et al. 2005 , Massouras et al. 2006 , Bontinis et al. 2012 . Ethanol, which plays a significant role in formation of esters, is mostly produced by the fermentation of lactose and by the catabolism of alanine (Hayaloglu et al. 2013b ). 3-methyl-1-butanol, a branched-chain primary alcohol, was identified in low abundance in all the cheese samples in our study. 3-methyl-1-butanol, which have lower detection thresholds (Delgado et al. 2011) , is formed by the reduction of the aldehyde produced from leucine (Curioni and Bosset 2002) and gave a fruity/floral note (Sablé et al. 1997 ). It was identified in different goat milk cheeses (Delgado et al. 2011 , Hayaloglu et al. 2013a , Boltar et al. 2016 . Small relative abundances of 2-heptanol, 2-nonanol and 2-phenethyl alcohol in some Söğle cheeses were determined. These alcohols were also detected in ewe's milk cheeses ripened in tulums or plastic bags (Hayaloglu et al. 2007 ) and some other goat cheeses (Mondello et al. 2005 , Boltar et al. 2016 ). Phenylethanol, is among the most odorous aromatic alcohols, is responsible for rose flower notes (Curioni and Bosset 2002) .
Nine miscellaneous compounds were detected at very low percentages in four Söğle cheese samples. Styrene, which is responsible for a strong plastic odor, was detected only in two cheese samples. Six hydrocarbons, a phenolic compound (3-methyl phenol) and a sulfur compound (dimethyl disulfide) were also identified. Hydrocarbons are secondary products of lipid autoxidation and are precursors for aromatic compounds formation (Hayaloglu et al. 2007) . Sulfur compounds, which are the result of degradation of methionine and
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cysteine, give garlic, onion, or very ripe cheese odors (Bontinis et al. 2012 ).
The results of some microbial properties of Söğle cheese samples are shown in Table IV . At the end of 90-day-ripening period, mean counts of Lactobacillus spp. and Lactococcus spp. in the cheese samples were found to be between 7.1 and 8.5 log cfu/g and 7.8 and 8.7 log cfu/g, respectively. Gurses and Erdogan (2006) reported that many of LAB isolated tulum cheese samples belong to the genus Lactobacillus, the number of Lactobacillus in the samples increased during the ripening period, and the number of other genera did not change in a significant amount. Lactococcus counts of Söğle cheese samples were higher than those found in some other tulum cheese samples, which were below 7 log cfu/g (Karagozlu et al. 2009 , Oner et al. 2004 ). However, Cakmakci et al. (2008 stated that the Lactococcus species rapidly disappeared three months after the ripening period for tulum cheese samples. The total aerobic mesophilic bacteria counts ranged from 7.6 to 8.5 log cfu/g, while the counts of yeast and mould varied from 1.0 to 4.8 log cfu/g in Söğle cheese samples. These results are in agreement with the results of Karagozlu et al. (2009) , who reported that average amounts were determined as 8.5 log cfu/g for total mesophilic bacteria and 1.6 log cfu/g for yeast in Cimi tulum cheeses. Oksuztepe et al. (2005) found that the total aerobic mesophilic bacteria and yeast and mold counts in Savak tulum cheeses produced using raw sheep's milk were 2.2x10 7 and 2.7x10 4 cfu/mL, respectively. The counts of total aerobic mesophilic bacteria in tulum cheeses packed in goat skin, plastic barrels and ceramic pots were 7.8, 6.8 and 5.9 log cfu/g, respectively (Ceylan et al. 2007 ). These differences in microbiological properties in tulum cheeses, including Söğle cheese, could be related to the production methods, storage time and conditions, chemical composition and acidity of the cheeses, and the interaction between the microorganisms, as well as raw milk microflora used in cheese production.
CONCLUSIONS
As the first scientific study on traditional Söğle cheese, physicochemical and microbiological properties, fatty acid composition and volatile profile of five different Söğle cheeses ripened for three months were presented in this paper. In general, chemical composition parameters such as TS, salt, salt in TS, fat, fat in TS, protein and protein in TS in the Söğle cheese samples were different from those of other tulum cheeses due to differences in the production process and/ or chemical and microbiological properties of milk used for cheese production. Capric acid and palmitic acid were the main short and long chain FFAs, respectively in all the Söğle cheese samples, while the fatty acid compositions of all the cheese samples were quite different among them. Ketones and terpenes were the predominant volatile chemical components in the isolated fifty three compounds. Like other tulum cheeses such as Savak, Divle and Cimi tulum cheeses, Lactobacillus and Lactococcus spp. constituted the dominant microflora. Söğle cheese with low fat content may be appealing to tulum cheese consumers who prefer foods low in fat content. Although Söğle cheese is locally produced and sold at relatively higher prices, there is a need for standardized production process for Söğle cheese to expand its production and consumption. Therefore, future studies should focus on establishing a standard production process for Söğle cheese.
